The purpose of this study is to investigate the effect of Ginkgo biloba leaves extract on experimental liver fibrosis induced by thioacetamide (TAA) in male albino mice. The experimental mice were divided into four groups. The mice of the first group were served as control. The experimental animals of the second group were given 150 mg/kg body weight of TAA by intraperitoneal injection, twice weekly, for 9 weeks. The mice of the third group were exposed to TAA and supplemented with G. biloba leaves extract. The animals of the fourth group were supplemented with G. biloba leaves extract. The levels of plasma alanine aminotransferase, aspartate aminotransferase, gamma-glutamyl transferase, alkaline phosphatase, triglycerides, cholesterol, and low-density lipoprotein cholesterol were statistically increased while the levels of plasma total protein, albumin, glucose, and highdensity lipoprotein cholesterol were significantly decreased. The levels of liver superoxide dismutase, glutathione, glycogen and total protein were notably declined, whereas the level of total lipid was increased in mice of the second group. Furthermore, microscopic examination of liver sections from mice treated with TAA showed an abnormal morphology characterized by nodular transformations in liver parenchyma which surrounded by fibrous septa. Administration of G. biloba leaves extract reduced extent and development of fibrous septa, liver cells change, and biochemical alterations in mice exposed to TAA. This study showed that G. biloba leaves extract has a potential activity against TAA-induced liver fibrosis and suggested that the chemical constituents of G. biloba are effective in modulation of oxidative stress induced by TAA.
Introduction
Liver fibrosis is a common sequel to diverse liver injuries. Without effective treatments, reversible liver fibrosis at an early stage leads to irreversible cirrhosis. Chronic liver injury leads to a progressive wound healing response that eventually results in liver fibrosis characterized by both quantity and quality alteration of hepatic extracellular matrix, ECM [1] . Moreover, liver fibrosis represents the response of the liver to diverse chronic insults such as parasitic disease, chronic viral infection (hepatitis B and C), immunologic attack (autoimmune hepatitis), hereditary metal overload, toxic damage, and so forth. Because of the worldwide prevalence of these insults, liver fibrosis is common and is associated with significant morbidity and mortality [2] [3] [4] .
Thioacetamide (TAA) was originally used as a fungicide [5] . TAA is a weak carcinogen that mainly affects liver and kidney [6] [7] [8] . TAA is one of the several agents that produces centrilobular necrosis of the liver and has been so employed. Furthermore, TAA has been considered to be an inducer of liver fibrosis and cirrhosis [9] [10] [11] [12] [13] [14] [15] . The effects of TAA are not limited to the liver as profound structural and functional changes have been described in thymus [16] , kidney [17, 18] , the intestine [18, 19] , spleen, [20] and lung [21] . These modifications may alter the response seen in the liver and influence the host response in general.
Herbal medicine is increasingly gaining acceptance from the public and medical professionals due to advances in the understanding of the mechanisms by which herbs positively influence health and quality of life [22] . Ginkgo biloba (maidenhair tree) is one of the oldest herbal medicines that have been used as a therapeutic agent in modern pharmacology. Ginkgo biloba has been a popular remedy in traditional Chinese medicine for over 4000 years, and it has been a common herbal medicine in Europe since the 1730's [23] . Standardized extracts from dried ginkgo leaves (EGb 761) 2 Journal of Biomedicine and Biotechnology take also important place in modern medicine [24] . The Ginkgo tree, the only existing tree in the family Ginkgoaceae, is the world's oldest living tree and is thus sometimes referred to as a "living fossil" [25] . Ginkgo trees are now widely planted in China, Japan, Korea, France, Germany, and the United States for both ornamental and medicinal purposes. Various chemical constituents have been isolated from G. biloba leaves, including diterpenes (e.g., ginkgolides A, B, C, and J), sesquiterpenes (e.g., bilobalide), ginkgo flavonol glycosides (e.g., the glycosides of kaempferol, quercetin, and isorhamnetin), triterpenes (e.g., sterols), organic acids, and polyprenols [23] . Popularly marketed to the general public, G. biloba extract is believed to provide beneficial effects in memory impairment, stroke, edema, inflammation, Alzheimer's dementia, and vasooclusive disorders [26] . The mechanism of action of G. biloba is not known. However, it appears to possess antioxidant activity [27] . Based on these evidences, the present study was aimed to evaluate the beneficial action of G. biloba leaves extract on liver fibrosis induced by TAA administration in male mice. This could be fulfilled through the histological analysis of liver and the determination of specific physiological parameters including the levels of blood plasma alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT), alkaline phosphatase (ALP), total protein, albumin, triglycerides, cholesterol, high-density lipoprotein cholesterol (HDL-C), and low-density lipoprotein cholesterol (LDL-C), and liver superoxide dismutase (SOD), glutathione (GSH), glycogen, total protein, and total lipid.
Materials and Methods

Animals.
Adult MFI male albino mice weighing 38.2-40.4 g were obtained from the Experimental Animal Unit of King Fahd Medical Research Center, King Abdulaziz University, Jeddah, Saudi Arabia. The experimental animals were acclimatized to the laboratory conditions for 10 days prior to the initiation of experimental treatments. They were caged in a quite temperature-controlled room (23 ± 1
• C) and had free access to water and standard diet. The experimental treatments were conducted in accordance with ethical guidelines of the Animal Care and Use Committee of King Abdulaziz University.
Ginkgo biloba Leaves
Extraction. Fine quality of G. biloba leaves (Erica Kruiderijen, Amsterdam, the Netherlands) were used for preparation of an aqueous extract. Fifteen grams of G. biloba leaves were crushed, added to 500 mL cold water and mixed in an electric mixture for 20 minutes. The mixture was centrifuged, and the clear supernatant was carefully removed and kept in a refrigerator at 2-8
• C as a final extract for subsequent experimental treatments.
Experimental Treatments.
The experimental mice were divided into four groups of ten animals each. The mice of the first group were served as control and given saline solution (0.9% NaCl) by intraperitoneal injection, twice weekly, for 9 weeks. The experimental animals of the second group were given 150 mg/kg body weight of TAA (Sigma-Aldrich Co., St. Louis, MO, USA) by intraperitoneal injection, twice weekly, for 9 weeks. The mice of the third group were intraperitoneally injected with TAA at the same dose given to the second group and were orally supplemented with 0.5 mL of G. biloba leaves extract, five times weekly for 9 weeks. The animals of the fourth group were given saline solution (0.9% NaCl) by intraperitoneal injection, twice weekly, for 9 weeks and treated with G. biloba leaves extract at the same dose given to the third group.
Biochemical Analyses.
At the end of experimental period, mice were fasted for 6 hours and anaesthetized with diethyl ether. Blood specimens were collected from orbital venous plexus in vacuum tubes containing EDTA (k 3 ) as anticoagulants. Blood specimens were centrifuged at 200 × g for 10 minutes, and the clear samples of blood plasma were separated. Plasma ALT, AST, GGT, ALP, glucose, triglycerides and cholesterol were estimated using an automatic analyzer (Reflotron Plus System, Roche, Germany). Plasma total protein, albumin, HDL-C, and LDL-C were measured using automated clinical chemistry analysis system, Dimension type RXL Max (Dade Behring Delaware, DE, USA). Moreover, liver homogenates were obtained using a tissue homogenizer. The homogenates (1 : 10 w/v) were prepared using a 100 mM KCl buffer (7 : 00 pH) containing EDTA 0.3 mM. All homogenates were centrifuged at 200 × g for 20 minutes at 4
• C, and the supernatants were used for the biochemical assays of SOD and GSH levels using SOD and GSH assay kits (Sigma-Aldrich Co.) according to the manufacturer's instruction with some modifications. Liver glycogen, total protein, and total lipid were evaluated using the methods of Barnes et al. [28] , Gornall et al. [29] , and Entenman [30] , respectively.
Histopathological Examination.
For histopathological evaluation, the liver tissues were fixed in 10% formaldehyde immediately after removal from the animals. Fixed tissues were routinely processed, then embedded in paraffin, and cut into 4 μm thick sections; they were mounted on slides for hematoxylin and eosin (H&E) staining. Qualitative evaluation of prepared tissues and the obtaining of their photos were carried out using Motic digital microscope, DM-B1 series, Motic Company.
Statistical Analysis.
Numerical data were represented as mean ± standard deviation (SD). Statistical Package for Social Sciences (SPSS) for Windows version 12.0 software was utilized for statistical analysis. Data were analyzed using one-way analysis of variance (ANOVA) followed by Dunnett's test. Statistical probability level of less than 5% (P < 0.05) was considered significant.
Results
Plasma ALT, AST, GGT, ALP, total protein, albumin, glucose, triglycerides, cholesterol, HDL-C, and LDL-C levels of control and treated mice are shown in Table 1 TAA at the dose of 150 mg/kg body weight induced significant increases (P < 0.05) of plasma ALT (+117.8%), AST (+101.8%), GGT (+141.1%), ALP (+54.0%), triglycerides (+94.5%), cholesterol (+90.7%), and LDL-C (+85.6%), while the levels of plasma total protein (−18.3%), albumin (−22.2%), glucose (−18.6%), and HDL-C (−21.5%) were statistically decreased (P < 0.05) in mice of group 2 compared with control (group 1), TAA plus G. biloba leaves extract (group 3), and G. biloba leaves extract (group 4) treated mice. The level of plasma ALT (+26.9%), triglycerides (+41.6%), cholesterol (+50.7%), and LDL-C (+35.0%) were statistically elevated in mice treated with TAA plus G. biloba leaves extract compared with control and G. biloba leaves extracttreated mice. The level of plasma GGT (+21.7%) was notably increased in mice treated with TAA plus G. biloba leaves extract compared with mice supplemented with only G. biloba leaves extract. Moreover, the level of plasma glucose (−10.9%) was declined in mice treated with TAA plus G. biloba leaves extract compared with mice supplemented with only G. biloba leaves extract. The levels of plasma HDL-C (−6.4%) were decreased in mice treated with TAA plus G. biloba leaves extract compared with only control mice. The levels of plasma AST, ALP, total protein, and albumin were significantly unchanged in mice treated with TAA plus G. biloba leaves extract. The levels of liver SOD (−34.0%), GSH (−28.5%), glycogen (−21.4%), and total protein (−17.6%) were significantly decreased, whereas the level of liver total lipid (+36.7%) was increased in mice of group 2 compared with groups 1, 2, and 3 ( Table 2 ). In comparison with groups 1 and 4, the levels of liver SOD (−19.6%) and GSH (−20.1%) were statistically decreased (P < 0.05) while the level of total lipid (+23.9%) was increased in mice of group 3. The levels of liver glycogen (−13.7%) was notably declined compared with only group 1 and liver total protein was statistically unchanged in mice of group 3 (Table 2) . Furthermore, insignificant changes of plasma ALT, AST, GGT, ALP, total protein, albumin, glucose, triglycerides, cholesterol, HDL-C, LDL-C, and liver SOD, GSH, glycogen, total protein, and total lipid were observed in mice treated with only G. biloba leaves extract (Tables 1 and 2 ). Liver sections from control mice (group 1) showed normal structure (Figure 1(a) ). The main normal structural component of the liver is the liver cells or hepatocytes. These cells are cuboidal epithelial cells arranged in anastomosing plates and cords. In classical lobules, the plates radiate from the central vein and cords alternate with sinusoids. Microscopic examination of liver sections from mice treated with TAA (group 2) showed an abnormal morphology characterized by nodular transformations in liver parenchyma which surrounded by fibrous septa (Figures 1(b), 1(c), 1(d), 1(e), and 1(f) ). Furthermore, liver cells showed various degenerative alterations like cloudy swelling, hydropic degeneration, and necrosis with loss of nuclei which indicate a complete loss of the liver tissue architecture. In mice treated with TAA plus G. biloba leaves extract (group 3), liver sections showed a reduced extent and development of fibrous septa (Figures 1(g ), 1(h), and 1(i)). In addition, the liver cells showed slight alterations compared with liver cells structure of mice treated with only TAA. All mice treated with only G. biloba leaves extract (group 4) had normal livers microscopically (Figure 1(j) ).
Discussion
The present study is the first to demonstrate that G. biloba leaves extract inhibits liver fibrosis induced by TAA in mice. Liver diseases remain one of the serious health problems. Liver fibrosis is participated by a variety of etiologies leading to sustained cellular injury. Liver fibrosis is one of the most prevalent chronic diseases in the world hence; the investigation for an efficient hepatoprotective drug from natural source is an urgent need. Liver fibrosis is a reaction to chronic liver injury, and it is characterized by an excessive accumulation of extracellular matrix proteins including collagen. It is a common process during the majority of chronic liver diseases [31] . Fibrosis as a scarring response to liver damage may be thought of as beneficial, since it contains the injurious process [32] . Ultimately, however, this progressive scarring can lead to impairment of liver function, development of hepatocellular carcinoma, and portal hypertension with all its associated complications. Recently, there has been a growing understanding of the pathophysiology behind fibrosis, which has contributed to the development of agents that could potentially inhibit and even reverse the fibrotic process in the future [33] . Among various hepatotoxins, TAA is known to be the most potent because of its rapid elimination and cumulative injury. The present study showed that TAA administration for 9 weeks induced liver fibrosis with many histopathological alterations. These observations were in line with many previous studies, which investigated the induction of liver fibrosis and cirrhosis by TAA in experimental animals [12, 14, [34] [35] [36] [37] [38] . The obtained results showed an elevation in the levels of plasma ALT, AST, GGT, and ALP in mice treated with TAA, since necrosis or membrane damage releases these enzymes into circulation, which agrees with the previously reported results [39] . Moreover, many studies showed that these enzymes were statistically increased in experimental animals treated with TAA [12, 35-37, 40, 41] . The present decline levels of blood plasma total protein, albumin, glucose and HDL-C, and liver glycogen, and total protein with the increases of plasma triglycerides, cholesterol, LDL-C, and liver total lipid indicate disturbances in protein, carbohydrate and lipid metabolism induced by TAA intoxication. Several investigators reported that TAA intoxication models registered significantly lower blood total protein levels compared to those of the healthy models [42] [43] [44] . This alteration could be related to the induction of ubiquitin-associated protein degradation by TAA toxic stress [45] . Kruszynska and McIntyre [46] reported that the blood sugar level after overnight fasting in cirrhotic patients is believed to decrease only in severe hepatic failure. Several studies showed that carbon tetrachloride (CCl 4 ) administration depleted liver glycogen in cirrhotic rats [47] [48] [49] [50] . Blood glucose concentration is known to depend on the ability of the liver to absorb or produce glucose. The liver performs its glucostatic function owing to its ability to synthesize or degrade glycogen according to the needs of the organism, as well as via gluconeogenesis [51] . Tripathi et al. [52] showed that the levels of serum cholesterol were decreased in adult albino rats intoxicated with TAA, CCl 4 or paracetamol, while Khalaf et al. [53] reported that the levels of serum cholesterol and triglycerides were increased in rats intoxicated with CCl 4 . Ismail et al. [54] showed that the levels of serum cholesterol, triglycerides, LDL-C, and very low-density lipoprotein cholesterol (VLDL-C) were increased, while the level of serum HDL-C was declined in rats exposed to CCl 4 . Additionally, Al-Attar [14] reported that the chronic administration of TAA for a period of 10 weeks increased the levels of serum ALT, AST, GGT, ALP, total bilirubin, triglycerides, cholesterol, creatine kinase (CK), and lactate dehydrogenase (LDH), while the levels of glucose, Journal of Biomedicine and Biotechnology total protein, and albumin were statistically decreased in experimental male rats. In mice treated with TAA, there were significant decreases in the levels of liver SOD and GSH. These findings are consistent with previous investigations which indicated that TAA caused a significant decrease in the levels of liver SOD and GSH [12, 55, 56] . TAA is a well-known liver hepatotoxicant, the hepatotoxicity results from its metabolic conversion to free radical products: thioacetamide sulfoxide and thioacetamide-S, S-dioxide which attacks microsomal lipids leading to their peroxidation and production of reactive oxygen species (ROS), such as the H 2 O 2 , super oxide anion O 2 − , and the hydroxyl radical. ROS affects the antioxidant defense mechanisms, decreases the activity of SOD that causes liver injury, cirrhosis development, and hepatocarcinoma [57] . Oxidative stress plays an important 6 Journal of Biomedicine and Biotechnology role in the formation of liver fibrosis via increasing the stellate cell activation and collagen synthesis [58] . Superoxide dismutases (SODs) belong to a family of antioxidant enzymes that catalyze the dismutation of superoxide to yield hydrogen peroxide and oxygen [59] . SOD is essentially a protective enzyme which scavenges the superoxide ions produced as cellular byproducts during oxidative stress [60] . Its decreased activity can lead to adverse effects because superoxide anions are extremely toxic and may accumulate in the cells. Glutathione (GSH), a tripeptide present in the majority of cells, is responsible for hydrophilic xenobiotics conjugation. GSH serves many vital physiological functions including protection of cells from ROS, detoxification of exogenous compounds, and amino acid transport [61, 62] . Sulphydryl group of glutathione is essential for its antioxidant activity against some forms of ROS in cells [63] . Much of the pathology is associated with the decrease in intracellular GSH concentration [64] . Therefore, GSH concentration is important for survival of the cells. It is also a substrate for glutathione peroxidase. Probably, the most important protective mechanism for free radical scavenging and inhibition of electrophilic xenobiotics attack on cellular macromolecules involves tripeptide glutathione [63] . Due to nucleophilic thiol group, it can detoxify substances in one of three ways: (I) conjugation catalyzed by glutathione-Stransferases (GST), (II) chemical reaction with a reactive metabolite to form a conjugate, and (III) donation of proton or hydrogen atom to reactive metabolites or free radicals. Reactive intermediates can react with GSH either by a direct chemical reaction or by a GST-mediated reaction preventing possible cell death. Regarding the role of glutathione in the protection against oxidative stress and detoxification of xenobiotics, its availability in the reduced form (GSH) may be a key factor in maintenance of the health. It has been established in several different animal models, as well as in human, that a decrease in GSH concentration may be associated with aging and pathogenesis of many diseases [64] [65] [66] [67] [68] .
The present results demonstrated that supplementation of mice with G. biloba leaves extract reduced the liver fibrosis process and tissues damage induced by TAA administration as verified by the values of liver function markers (ALT, AST, GGT, and ALP), levels of plasma glucose triglycerides, cholesterol, HDL-C, LDL-C, levels of liver SOD, GSH, glycogen and total lipids, unchanged of plasma total protein, albumin and liver total protein, and liver histopathological observations. Shenoy et al. [69] studied the protective effect of G. biloba against CCl 4 -induced hepatotoxicity in Wistar male rats. They reported that G. biloba pretreatment exhibited histopathological and biochemical protections and suggested that the probable mechanism of G. biloba action is by protection against oxidative damage produced by CCl 4 . Sener et al. [70] assessed the antioxidant and antifibrotic effects of long-term G. biloba extract administration on liver fibrosis induced by bile duct ligation (BDL) and scission in Wistar male albino rats. They suggested that G. biloba protects the liver from oxidative damage following BDL in rats. This effect possibly involves the inhibition of neutrophil infiltration and lipid peroxidation, thus, restoration of oxidant and antioxidant status in the tissue. Luo et al. [71] investigated the reversing effect of G. biloba extract on CCl 4 -induced liver fibrosis in Wistar male rats. They found that the liver fibrosis rats treated with G. biloba extract had decreased serum total bilirubin and aminotransferase levels and increased levels of serum albumin compared with saline-treated rats. Microscopic studies revealed that the livers of rats receiving G. biloba extract showed alleviation in fibrosis. The liver collagen and reticulum contents were lower in rats treated with G. biloba extract. Additionally, Liu et al. [1] evaluated the effects of G. biloba extract on experimental liver fibrosis induced by CCl 4 in Wistar male rats. They demonstrated that the histopathological score of fibrosis, liver function and the levels of plasma hyaluronic acid (HA) and laminin (LN) were significantly improved in rats treated with CCl 4 plus G. biloba extract, compared with those treated with CCl 4 only. The activities of liver SOD and glutathione peroxidase (GSH-Px) were notably elevated, while malondialdehyde (MDA) content was significantly decreased in the rats treated with CCl 4 plus G. biloba extract. Inhibition of hepatic stellate cell (HSC) activation and nuclear factor kappaBP65 (NF-κBP65) expression was demonstrated in the livers of G. biloba extract-treated rats. The activation of NF-κB was significantly suppressed in G. biloba extract-treated rats. Furthermore, G. biloba extract reduced expressions of transforming growth factor-β1 (TGF-β1) and collagen I mRNA. In addition, they concluded that extract of G. biloba is able to ameliorate liver injury and prevent rats from CCl 4 -induced liver fibrosis by suppressing oxidative stress. This process may be related to inhibiting the induction of NF-κB on HSC activation and the expression of TGF-β1. Harputluoglu et al. [72] investigated the influence of G. biloba on TAA-induced fulminant hepatic failure in rats. They showed that G. biloba ameliorated hepatic damage in TAA-induced fulminant hepatic failure and suggested that the action of G. biloba may be due to its free radicalscavenging effects. Moreover, Zhang et al. [73] studied the effect of G. biloba treatment on male patients with chronic hepatitis B, and they concluded that G. biloba can improve sinusoidal microcirculation, alleviate inflammation and inhibit liver fibrosis through multiple mechanisms; it is effective in the treatment of chronic liver diseases. The mechanism for action of G. biloba remains completely unknown, although several speculations have been advanced. Moreover, while the mechanism underlying the protective benefits of G. biloba has remained unclear, the attempts at explanation of its protective activity proposed its antioxidant properties [1, 72] . However, the present study suggests that the chemical constituents of G. biloba are effective in modulation of oxidative stress induced by TAA administration. Finally, it can be concluded that G. biloba leaves extract has a potential activity against TAA-induced liver fibrosis. Therefore, it may be useful against liver fibrosis, cirrhosis, and dysfunction induced by TAA and different pathogenic factors.
